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Abstract 

It is shown that, in the context of split supersymmetry, a simple model with a single complex 
scalar field can produce chaotic inflation and generate the observed amount of baryon asymmetry 
via the Affleck-Dine mechanism. While the inflaton quantum fluctuations give rise to curvature 
perturbation, we show that quantum fluctuations of the phase of the scalar field can produce 
baryonic isocurvature perturbation. Combining with constraints from WMAP data, all parameters 
in the model can be determined to within a narrow range. 
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I. INTRODUCTION 



It is evident that no concentration of antimatter exists within the Solar system and the 
Milky Way. The absence of annihilation radiation from the Virgo cluster indicates that 
antimatter can hardly be found within a 20 Mpc scale. A study of the contribution of 
annihilation radiation near the matter-antimatter boundaries to the cosmic diffuse gamma- 
ray background virtually excludes domains of antimatter in the visible Universe 

Direct observations of luminous matter show that baryons constitute about 5 percents of 
the total mass of the Universe. This gives a value of order 10~ 10 for Ub/s, the ratio of the 
baryon number density to the entropy density. Precise measurements of the abundance of 
primordial light elements predicted in big-bang nucleosynthesis combined with the cosmic 
microwave background observations restrict this ratio in the range ^ ub/s ~ (4.7 — 6.5) x 
10 '". 

Inflation 0] is so far the most accepted paradigm for understanding cosmological obser- 
vations such as the flatness and homogeneity of the observed Universe. More importantly, 
quantum fluctuations of the inflaton can seed metric perturbations that can subsequently 
grow to form cosmic structures. Despite this success, the nature of the inflaton remains 
unknown. Phenomenologically, the observed approximately scale-invariant density power 
spectrum requires an inflaton that slowly rolls down a nearly flat potential. The determina- 
tion of the relevant model and its potential would be a challenge to future observations. 

When inflation ends, any pre-existing baryon asymmetry is washed out. Many scenarios 
for baryon production after reheating or during preheating have been proposed to explain 
the observed small baryon asymmetry, such as baryogenesis in grand unified theories (GUT), 
electroweak baryogenesis, leptogenesis, and Affleck-Dine (AD) baryogensis Q. Affleck and 
Dine p| proposed a mechanism of baryogensis in supersymmetric (SUSY) models in which 
scalar quark and lepton fields obtain large vacuum expectation values along flat directions of 
the scalar potential. These coherent scalars or the condensate start to oscillate when SUSY- 
breaking effects start to become important, and a net baryon number is developed and stored 
in the oscillating fields via baryon-number violating dim-4 scalar couplings provided that C 
and CP symmetries are also violated. Subsequently, the scalar quark and lepton fields decay 
and produce a baryon asymmetry. However, in a certain AD flat direction the condensate is 
not the state of lowest energy but fragments to form metastable or stable Q-balls [H . Here 
we estimate the baryon asymmetry assuming that the AD condensate does not lead to this 
type of Q-ball formation. 

In fact, the AD mechanism is too efficient and the resulting baryon asymmetry is usually 
too large. Several dilution processes have been considered to reduce the large AD baryon 
asymmetry to the observed value. They involve either introducing additional entropy releases 
after baryogenesis (e.g., by the decays of the inflaton [6], the dilaton or certain massive 
scalar fields [§[) or reducing the baryon production by invoking non-renormalizable terms [||. 
We found in our recent work [l(| that non-equilibrium effects, which had largely been ignored 
in earlier studies, could play an important role in a certain parameter space and generate 
the observed amount of baryon asymmetry, without any additional dilution mechanism. 

Recently, the model of split SUSY was proposed to avoid many problems in SUSY stan- 
dard model [Til ]. In the split SUSY framework, the SUSY breaking scalar quark and lepton 
masses can be as high as the GUT scale, while all the gauginos and Higgs bosons are kept 
as light as TeV to facilitate both the converging of the gauge couplings at the GUT scale 
and the lightest SUSY particle as a viable dark matter candidate. Although an independent 
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fine-tuning of scale par ameters is required to obtain an acceptable ratio of vacuum expec- 
tation values tan/3 [12J, the split SUSY scenario remains an interesting possibility. This 
split mass spectrum has led to a new consideration of the AD mechanism which showed 
that the smallness of the baryon asymmetry is directly related to such a spectrum [l3j. In 
this paper, we propose a new scenario in which the AD flat direction not only produces the 
baryon asymmetry, but also plays the role of driving inflation. 



II. AFFLECK-DINE MECHANISM 

Affleck and Dine Q have shown that, in a SUSY SU(5) grand unified model, there is a 
flat direction in the low-energy effective potential for the following set of vacuum states of 
the scalar up (u), strange (s), and bottom (b) quark fields as well as the scalar muon field 

(/*): 

(u c 3 ) = A, (ife) = B; (s c 2 ) = A, 



(fi = B\ (6S) = eVl^l a + W, (1) 

with all other fields having vanishing vacuum expectation values. Here the superscript 
c denotes charge conjugation, the subscripts denote color indices, A and B are arbitrary 
complex numbers, and £ is real. 

To illustrate how the AD mechanism works, Affleck and Dine [5| considered a toy model 
with a single complex scalar field $ described by the action 

S = J d A x^~g [g^ (W) - V($j\ , 

V($) = m 2 $ t $ + a($ 4 -$ t4 ), (2) 



which contains the CP and baryon-number violating coupling, A. For example [5|, $ repre- 
sents the flat direction associated with a combination of udd and QLd, as shown in Eq. ([I]), 
and the A-term is the B — L = dim-4 operator Qu*Ld* arising from a one-loop box dia- 
gram. Another example is the flat direction QLd, which can be lifted by the dim-4 operator 
QQQL that generates a nonvanishing A-term. The background geometry is governed by the 
spatially flat Robertson- Walker metric, 

d 2 s = d 2 t-a 2 (t)d 2 x, (3) 

where a(t) is a scale factor. For small $ and/or A, the theory has an approximately conserved 
current, 

jr = i($%$-(d li &)$), (4) 



due to the approximate global U(l) symmetry: $ — > e iQ $. The corresponding charge will 
be referred to as the baryon number: 

Jo = n B . (5) 
Classically, in an expanding universe, the mean field $ obeys the equation of motion 

S + 3#$ + m 2 <S = 42A<i t3 , (6) 
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where $ = dQ/dt, and H = a/ a is the Hubble parameter. The classical particle number 
density is given by 

n$ = m<l t <l. (7) 
The equation of motion implies that 



ub + 3Hns = — 21m 



9$ 



(8) 



Here % is the classical density defined in terms of the mean field $. At the time t = to 
when H(t) ~ 2m/3 and $ = 5>o? starts to oscillate. Then, expressing $ in terms of the 
polar form, 

$ = -L^e* (9) 



the baryon number density can be approximated by 



tib ~ Im 

m 



9$ 



A0i 



°cos 



<J>=$ 

Hence, the baryon number per particle is given by 



m 



(40 o ) • (10) 



_ , o 



cos 



(4^ ) . (11) 



In the original AD mechanism [5|, m 2 = M| and A = jM^/Mq, where Ms is the effective 
SUSY breaking scale, 7 is a real parameter characterizing CP violation, and Mq is the GUT 
scale. Hence, assuming cos(46* ) — 0(1), n B /n<$, ~ — 70q/M^,, which can easily provide a 
large initial ti-q/s and thus dilution processes have to be introduced to reduce it to the 
observed value. For example, taking 7 = 10~ 3 , M s = 1CT 16 M P , M G = lCT 2 Mp, and 
4>1 = 10~ 3 M|,, where Mp is the Planck mass, we find A = 1CT 31 and ub/ti^ ~ — 1CT 2 . Note 
that the decay width of the condensate can be estimated as 0: 



a«\ 2 m 3 



7T / $ 



(12) 



which is typically much smaller than the frequency of the oscillating scalar fields, i.e., T$ 
m. Therefore, a net baryon number is developed and gets saturated in the oscillating scalar 
quark and lepton fields before they decay and produce a baryon asymmetry. 

In the following, we will discuss the AD mechanism in the context of split SUSY and 
treat the potential (T5]) as the inflaton potential. It turns out that this will limit the values 
of the parameters m and A to within a narrow range, thus specifying a simple model that 
can both induce inflation and produce the right amount of baryon asymmetry. 



III. FLAT DIRECTION AND INFLATION 



Let us introduce the real scalar fields a and %: 



-L(a + ix) = e- i§0 $. (13) 
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In terms of these fields, the potential (j2J) becomes 



V (a, x) = 2 m a + 2 m ^ ^ terms. (1^) 

As long as A is sufficiently small, the classical trajectory is well approximated by a ~ <fi 
and x — 0. Let us assume the AD cr-direction corresponds to the inflaton. Then the 
potential ([141) is a typical potential for chaotic inflation. 

Since we identify the AD flat direction as the inflaton that has an initial value larger 
than the Planck mass in the chaotic inflation, the supergravity effects should be taken into 
account. In the framework of supergravity, the effective potential is modified as 



(15) 



with 



„ TTr dW 8vr dK TIT . . 

D * w = W + W P a¥ w - (16) 

Here K is the Kahler potential, W is the superpotential, and \I/ represents all relevant scalar 
fields in the model. In minimal supergravity, the Kahler potential is given by K = v^vp* 
(hereafter, for simplicity, we use the same notations for superfields), so the exponential factor 
in Eq. (fl5|) indeed prevents any fields from having values larger than Mp and the chaotic 
inflation would not occur. However, there have been attempts to realize chaotic inflation in 



the context of supergravity by using specific forms of the Kahler potential [14], [15j. Here 
we will adopt the scenario for a natural chaotic inflation proposed in Ref . [l5[ , in which the 
form of the Kahler potential is determined by a shift symmetry of the inflaton field. 

In a standard inflation model, the inflaton is in general a gauge singlet, so it is not harmful 
to impose the shift symmetry on it. In the present consideration, the shift symmetry imposed 
on the flat direction, which are scalar quark and lepton fields, is apparently incompatible 
with the standard-model gauge groups. This can be seen in the terms (see below) that we 
will introduce in the Kahler potential ffTTl) and the superpotential (|18p . However, in the 
AD mechanism, the scalar quark and lepton fields get vacuum expectation values which 
break the standard-model gauge symmetries. As such, during inflation there may exist 
effective operators, for examples, u*(Q)(L)(d*) and u*L(Q)(d*), which do not respect the 
standard-model gauge symmetries. This particular feature of the AD mechanism indeed 
opens a possibility for imposing a shift symmetry on the AD flat direction even though the 
flat direction is not a gauge singlet. For instance, assuming that all the vacuum expectation 
values are real numbers, the Lagrangian may contain terms like u + u* which carries the shift 
symmetry. Interestingly, these operators are not harmful at all since they will vanish once 
the scalar quark and lepton fields settle to the ground state, i.e., their vacuum expectation 
values approaches zero. In light of this, it is not impossible to make use of the shift symmetry 
to construct a slow-roll condition for the AD flat direction in the context of supergravity. 
Below we will present a schematic way for the construction instead of deriving it from the 
full theory. The full derivation is very interesting and it certainly warrants a further detailed 
investigation. 

With respect to the flat direction flTJ, we assume the following Kahler potential: 

K(A, B) = -{A + A*) 2 + BB*, (17) 
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which is invariant under the shift of A: A — > A + icMp, where c is a real parameter. As 
a consequence, the exponential factor in Eq. (IT51) no loner prevents the imaginary part of 
A from having a larger value than Mp, which we identify with the inflaton field a in the 
potential (III]) . As long as the superpotential is given by a quadratic mass term: 



W = mAB, 

we find that the effective potential is given by [l5| 

/v I „ / 87T \ 



V(A,B) 



m 2 e^ 



+ \B\ 



A 



87T 

M 2 



1 + 



M P 



\B\ 



>7T 



A\ 2 + -,(A + A*y 1 + 



Mp 



8tt 



(18) 



(19) 



Now, let us express A and \B\ in terms of two real rectilinear components and a real radial 
component respectively as 



A 



(20) 



then the effective potential (IT9l becomes 



V{p, cr, X) 



m 2 e^ 



+ 2 X 



(p 2 +X 2 /2) J 1 



2 , 2 

p + a 



1 - 



^7T 1 



M 2 P 2 



P 



a 2 + 



57T 



87T 



2p 2 



8tt 1 



M|,2 



cr 



(21) 



Since the exponential factor contains p and x, they are refrained from having values larger 
than Mp. On the contrary, a can take a value much larger than Mp. For \p\, \x\ -C Mp, we 
can expand the potential. Keeping terms up to second order in the supergravity corrections, 
we obtain 



V(p, cr, x) 



1 2 2,1 22 

—m a H — m y 

2 2 A 



7T 1 9 



MJ.2 



i 2 2 

+ -777. p 

2 ^ 



l + ^> 2 + 3x 2 + P 2 ) 



+ 



M 2 P , 



'22 



+ 



2 P 



87T 



2 2 
I 777 2 4 



(22) 



In chaotic inflation, the initial value of the inflaton a is larger than Mp (see below). For 
such a large value of a, the effective mass of p becomes much larger than m, so its quantum 
fluctuations are suppressed [l8|. Therefore, it is legitimate to assume that p behaves like a 
classical field sitting at the origin. With p = and \x\ <C Mp, Eq. (122]) effectively becomes 
the potential for chaotic inflation as given in Eq. (III]) . The X i -iX G i< j2 X A terms in Eq. (122]) 
only slightly modify the number density and do not affect the baryon number (see Eqs. ([7]) 
and (ED 
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Another way of taming the supergravity effects requires the introduction of a modulus 
field Z and a specific choice of the Kahler potential [161 ]: 



K 



M 2 P /3 



in 



8vr 
Ml 



[Z + Z* + <£>*$) . 



(23) 



so that the scalar potential for a given superpotential W / ($) reads [16 



V = y$e y 



I6y 2 + 3 



dW 



<9$ 



+ 



8tt (16y 2 -9) 2 
Ml 8(16y 2 - 3) 



(24) 



For W = m$ 2 /2, it was shown [16j that ?/ settled quickly to the value y = 3/4 during 
inflation and the potential became 



V 



3\s A l 
_ e i6 - 
4J 2 



«9iy 



<9$ 



m 2 |$| 2 . 



(25) 



Although the slow-roll condition is maintained, the choice of the Kahler potential ( 1231) is not 
motivated by any symmetry argument. A possibility is to impose a Heisenberg symmetry 
on the Kahler potential. In Ref. [17|, a combination of Z and $ which is invariant under 
the Heisenberg symmetry is constructed as 



7= Z + Z* -$*$, 
and the Kahler potential is assumed to be a function of 7 only: 

r 87T 



8tt 



7. 



(26) 



(27) 



It can then be shown that 7 and $ are independent degrees of freedom and the scalar 
potential for a given superpotential is given by 



V 



J(I) 



87T 



12 



— 3 \\W\- 



f 



dW 



9$ 



(28) 



where the prime denotes differentiation with respect to I. For the no-scale model with 
/ = —3 In 7, f' 2 = 3f" and the first term in Eq. (|28|) vanishes. The potential then takes the 
form 



v = - e y 

3 



dW 



9$ 



(29) 



and it is usually assumed that higher-order corrections can stabilize the 7 field during in- 
flation [l7| . As long as the 7 field is constant during inflation and the superpotential is 
W = m$ 2 /2, chaotic inflation is preserved. 

In Eq. ( I14p . we will deal with a small A such that the mass term dominates the classical 
motion: V m 2 a 2 /2. Define the slow-roll parameters in terms of the mean field a: 



Ml (]_dV_ s 
16tt I V~dE 



Ml ( 1 d 2 V" 



57T 



V da 



^2 



(30) 
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where dV/da stands for dV/da evaluated at o = a. In the A = limit, 

« = ,= ^. (31) 
In addition, the equations of motion are given by 



(-ex 2 + V) , (33) 



a 3MJ, 

dV 

a + 3Ha + — = 0. (34) 
acr 

During the slow-roll stage, the number of e-folds from the end of inflation is 

»=f H **w P P-*)' = (35) 

where a e is the field value as it starts to oscillate. Hence, the slow-roll parameter e can be 
approximated by 

^M i+ mT- (36) 

We shall find it useful in the following to express the slow-roll dynamics in terms of the 
slow-roll parameters e and rj. In the slow-roll approximation, 

a= ~^- e) (37) 

is negligibly small. Eqs. (1521) . (I3"3"j) . and (13"4"1) then imply 

# 2 ~ 5-(l + -)~ — , 38 

2>M 2 P V 3/ 3e ' V ; 

a 

It is now straightforward to show that 

W * ~e. (40) 

Defining the conformal time dr = dt/a, z = aa/H, and z' = dz/dr, we obtain from the 
above equations that 

^ = ^(2 + 3e) , (42) 
— = \(2 + 9e-3r]). (43) 

Z T z 
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IV. DENSITY PERTURBATION 



Now we turn to consider the density perturbation generated during inflation. There are 
two kinds of density perturbation. Quantum fluctuations of the a field induce the adiabatic 
density perturbation, whereas those of % do not affect the energy density and give rise to 
isocurvature perturbation. Here we will follow the discussions in Ref. [l9| . 

In the spatially-flat gauge, the Fourier mode of a fluctuations, 5a, obeys 



5a + 3H5a 



8/T d I a 3 a 2 



d 2 V 



da 2 MWdt \ H 



5a = 0. 



(44) 



Expressing the above equation in terms of the slow-roll parameters and using Eq. fj43l) . we 
obtain 



u 



k - 



0. 



(45) 



where u = a5a, u' = dujdr, and z = aa/H. When k 2 3> z" / z ~ 2a 2 H 2 , u has a plane-wave 
solution, 



U 



2k 

When k 2 z"/z, we can write 

u ~ A{k)z. 

The spectral function A(k) is determined by 
A(k) 



~u~ 




uH- 




' H 


^ikr 


_z _ 


k=aH 


.a a _ 


k=aH 


aa 


V2k_ 



(46) 
(47) 

(48) 



k=aH 



where the quantities inside the square brackets are evaluated at the time of horizon-crossing. 
Hence, the power spectrum of a fluctuations is given by 



Ank 3 



\5a\ 



Ank 3 



a 



a 



2 r 



(2vr) 3 \H 



H 



H H 
~a2~K 



k=aH 



(49) 



Using Eqs. fl3Tl) . fl32l) . and fl34l . we find that the adiabatic density perturbation is described 
by 



167T 



ma 2 



m 



k=aH 



3tiM 2 



k=aH 



(50) 



To have enough inflation, it is required that [20J] N ~ 60. From Eq. (1361) . e ~ 0.008. Hence, 
the WMAP measurement of the matter power spectrum (2l|, ~ 2 x 10~ 9 , implies that 
m ~ 1.1 x 10 _6 Mp. The tilt of the adiabatic density spectral index is then given by 



C 



dink 



-6e + 2r] = -4e 



-0.03, 



(51) 



which is consistent with WMAP measurements 21 
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Since x = in the background solution, the isocurvature field fluctuations 5x are gauge- 
independent and the Fourier mode satisfies the massless Klein-Gordon equation in de Sitter 
space, 

2 ' (52) 



a 
a 



v" + I k 2 + a 2 m 2 ) v = v" + ( k 2 - — ) v = 0, 



where v = a5\ and we have used Eqs. (HIT) . (H2l) and ( 138]) . Taking the Bunch-Davis vacuum 



for the solution v, we have 



iki 



1 + 



kr 



Noting that 5\ evolves exactly like a in Eq. ( |34"j) for k 2 <C a 2 m 2 , we can write 

Sx ^ B(k)a, 

where the spectral function B(k) is determined by 

B(k) ~ [-1 ^ [-— (- 
Thus, the power spectrum of isocurvature fluctuations is found as 



Auk 3 



4nk 3 



-2 



a \B(k)\ ~ a 



x (2tt) 3| " ai (2tt) 3 
where Eq. (jHJ) has been used. In addition, Eq. (155]) gives 



[1 - e)H 

2,71(7 



1 2 



J k=aH 



H 2 



Air m 2 a 2 
T M 2 P 



1 + 



The isocurvature power spectrum therefore becomes 

1 m 2 a 2 



x ~ 3vr M 2 



1-5! 

3 



and the isocurvature spectral tilt is 



dlnP y 10 „ 
— — * ~ -— e 2 ~ -0.0002, 
am k 3 



(53) 



(54) 



(55) 



(56) 



(57) 



(58) 



(59) 



which is nearly scale invariant. 



V. BARYOGENESIS AND BARYONIC ISOCURATURE PERTURBATION 



After inflation, the inflaton or the AD condensate starts oscillating and the oscillating 
field carries a baryon asymmetry found in Eq. ( JTUl) . where (po is now the field value at the 
end of inflation, a e , as given in Eq. (j3"5l) (the time t e corresponds to the time of baryogenesis, 
t ). During this period, the Universe is matter-dominated by the oscillating condensate and 
the expansion rate is given by time- averaging Eq. (132]) over field oscillations: 



H 



■in 



3MJ, 



1-2 . 1 2-2 

—a H — m cr 
2 2 




(60) 



10 



However, the baryon number per particle is constant, given by Eq. (fTTj) as 



nB 2 XM p (aq\ (M\ 
— - f cos U6 • (61) 



Comparing the expansion rate (16011 with the decay rate (112j) . we find that the condensate 
decays into light quarks and leptons when 

<»">'* = @)* *■ (62) 

When the condensate decays, the decay particles are relativistic and each carries an energy 
of the order of m. They will get thermalized through the scattering process. At this time, 
the elastic scattering cross section <jt = a 2 G /m 2 and the thermalization rate is given by 

r r ~ n ti a T = - m{ ,%^ = ) (-£) H„ (63) 

where n$ rf and i?d are respectively the approximate number density of decay particles and 
the Hubble parameter at the decay For a 2 ~ o? G ~ 10~ 3 and m ~ 1.1 x 10 _6 Mp, we find 
that IV — Q27Hd, implying that the decay products are thermalized instantly relative to 
the expansion time. As such, the reheating temperature of the thermalized radiation can be 
estimated as 

^N(T re )T r \ = m 2 (a 2 ) d , (64) 
where N(T re ) counts the effective degrees of freedom. From Eq. (I6"2"j) . we find that 

/40500a*\^ Ar _i /rT7 N (M P \ b 
Tre=[—^j N-^T re )[—) m. (65) 

Assuming that N(T re ) ~ 10 2 , then T re ~ 0.834m ~ 1.1 x 10 13 GeV. 

Although the reheating temperature T re is high, the cosmological gravitino problem can be 
easily avoided. It is because the gravitino mass, m 3 / 2 , can be as large as the mass scale m. For 
m3/2 <S m, gravitinos may dominate the Universe and produce extra entropy at the decay, 
thus diluting the baryon asymmetry produced by the AD condensate. This light gravitino 
case has been discussed in detail in Ref. It was found that when m 3 / 2 < 10 9 GeV, 

the extra entropy production dilutes the baryon asymmetry by a dilution factor which is 
about (m3/2/10 9 GeV) _5//2 . In the following, we assume that m 3 / 2 > 10 9 GeV. In the case of 
m 3 / 2 < 10 9 GeV, one will have to take the dilution factor into account. Then, the entropy 
at reheating is given by 

and the baryon number density is given by the particle number density of the decaying AD 
condensate times the ratio found in Eq. (|6T|) : 



1 , o. 2 XMj 

2 ' '"37T m 2 



n B = -- m (a 2 ) d - f cos Ue Q ) . (67) 
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FIG. 1: Time evolution of (a) x(i), (b) a(t), (c) the number of e-folds N(t), and (d) ns/s. At 
mt ~ 25, chaotic inflation ends and the baryon asymmetry is generated. 



Hence, the baryon to entropy ratio is 

n B 1 T re XMl 

r^j 

s Att m m 2 



cos 



(40 o ) • (68) 



Furthermore, the baryonic isocurvature perturbation induced by 5\ during inflation can be 
derived as 

5UB0 - -4tan(# )^ (69) 



n B0 ' a, 

and the corresponding power spectrum is 



B 



Airk 3 ( SnBo\ 16 o/.^n „ 

WV^) -5f tm (70) 



where P Xe is given by Eq. (158j) with a = a e . Defining a density- weighted ratio of the 
isocurvature and adiabatic perturbations, and using Eqs. (150|) and (17D|) . we have 



K 



&B Pb ^ . 



4^ tan (4^0) e, (71) 



where Q B and f2 m are, respectively, the present baryon and matter densities relative to the 
critical density. Note that k is suppressed by the slow-roll parameter e. Combining Eqs. (ITT]) 
and (168|) . we obtain 

A^4vr^4-Jl+(-— V- (72) 
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^From above, m ~ 1.1 x 
cosmological parameters 



10" 



22 



e ~ 0.008, and T re ~ 0.834m. 
0.044, fi m = 0.268, and 



limit set on the amount of isocurvature perturbation by WMAP data [23 
confidence level, implies that 



Using the WMAP 
-_10~ 10 , the upper 
k < 0.4 at 95% 



1.8 x 10~ 21 < A < 1.6 x 10~ 20 . 



(73) 



According to the result of Ref. [10[], nonequilibrium effects are negligible for such small A 



values. We therefore expect the mean-field approximation used in the above analysis to be 
valid. In the case of m 3 / 2 < 10 9 GeV, the baryon asymmetry (I68p is diluted by a factor of 
(m 3/2 /10 9 GeV)- 5 / 2 . Thus, A in Eq. (J73J is replaced by A(m 3/2 /10 9 GeV) 5 / 2 . 

In Fig [U we show the results from a numerical calculation of the chaotic inflation and 
AD baryogenesis, using the model (1T4"|) with m ~ 1.1 x 10~ 6 Mp, A ~ 1.8 x 10~ 21 , and the 
initial conditions, a = 4Mp and x = & = X = 0. This model gives an inflation of about 
100 e-folds as well as a baryon asymmetry in good agreement with the approximation (1681) . 
Note that near the beginning of inflation %/s decreases rapidly from zero to a minimum 
that can be estimated from Eq. (jSJ) (when h B = 0) to be — 4\a 2 /(3mH), where a = 4M P 
and H is given by Eq. (1521) evaluated at t ~ 0. 



VI. CONCLUSION 

In conclusion, we find that the heavy scalar fermions in split supersymmetry can simulta- 
neously play the role of driving inflation and produce the baryon asymmetry of the Universe, 
as long as the scalar mass m ~ 10 13 GeV and the CP-violating self-coupling A ~ 10~ 20 . 

Upper limits on the scale of the lightest scalar quark mass coming from cosmological 
constraints on a long-lived gluino have been explored (24|]. For gluinos heavier than a few 
hundred GeV the constraints from big bang nucleosynthesis set an upper bound on the scalar 
quark mass of about 10 9 GeV. For lighter gluinos, the constraints are from non-observation 
of diffuse gamma rays and set an upper bound of about 10 12 GeV. Although the parameter 
m in our model is not necessarily the lightest scalar quark mass, it is interesting that the 
required value of m is close to this upper bound. We are not aware of any constraint on A, 
whereas the expected theoretical value is given by the size of the A-term. In split SUSY, the 
gaugino masses are suppressed by some mechanism, which also keeps a small A ~ TeV, as in 
the D-breaking scenario [ll[. As such, A ~ ^AjMp ~ 10~ 19 , which is close to the required 
value above. Interestingly, our scenario may provide useful clues for building split SUSY 
models and have implications for gluino searches at the LHC. In addition, the generated 
baryonic isocurvature perturbation is nearly scale-invariant and may saturate the present 
CMB observational upper limit. Upcoming Planck CMB mission will improve this limit and 
further test our scenario. 

We have also constructed a slow-rolling inflaton potential for the Affleck-Dine field in the 
context of supergravity. It will be interesting to include nonrenormalizable terms and to 
consider a full model in supergravity as discussed, for example, in Dine et al. in Ref. [||. 
However, since the scalar fermion is the inflaton itself and m ~ H, we do not expect a 
drastic modification, as supported by the results in Ref. [l3l |. 
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